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ABSTRACT
Determinations were made on the osmotic concen­
tration of the blood and the sodium and potassium content 
and sodium/potassium ratio of the serum of adult blue crabs, 
Callinectes sasddus Kathbun, exposed to different salinities.
Adult males maintained a fairly constant blood 
concentration at salinities of 10 °/oo and 20 °/oo, while 
adult females had significantly different blood concentrations 
at 10 °/oo, 20 °/oo and 30 °/oo salinities.
Males regulated both sodium and potassium content 
of the serum only at the lower salinities. Females regulated 
the sodium content of the serum at all three salinities but 
seemed to be unable to regulate potassium at 30 °/oo, resulting 
in a sodium/potassium ratio of about 36si. In all other cases, 
a sodium/potassium ratio of approximately 45*1 was maintained.
The writer wishes to express his deep appreciation 
to Dr. Morris I*. Brehmer who provided most of the equipment
and gave personal guidance throughout the study. Special
thank® are due to Mr* W. A. Van Engel and Dr* R. E* Xi. Black
who gave personal advice and help? to Dr. George Mostovits
and Mr. Langley Wood who furnished some of the facilities 
used in the study and for their advice? to Mr* John J.
Horcross and Mr. Frank J. Wojcik who assisted in the 
statistical analysis of the data? to Mr. Wojcik and 
Mr. Charlea Jenkins for obtaining the crabs? to Miss Sally 
If. Long for assistance in making the illustrations? to 
Mr. Robert S. Bailey and Mr. Frank Fine for the photography? 
to Mrs. Audrey Jordan who typed the manuscript? and to other 
members of the staff of the Virginia Institute of Marine 
Science who cooperated during the period of study.
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IHTROOTCTIOS?
The distribution ©f the various stage# in the life 
history of the blue crab, Caillnectee aaoidus Rathbun, in 
the Chesapeake Bay and its tributaries, indicates a tolerance 
for diverse environmental conditions* The tolerance varies 
with age and sex of the individual (Van Ingel, 1958).
The present study examined the responses of adult 
crabs subjected to different salinities at a constant 
temperature* This included the determination of the 
freezing point depression of the blood and the sodium and 
potassium content of the blood plasma at different salinities. 
The ratio of sodium to potassium in the serum at different 
salinities was also compared.
.hkip. MrMSsxx M , .
The review by Van Engel (1958) has provided most 
of the information regarding the distribution of the various 
stages of the blue crab in the Chesapeake Bay area. Further 
details of distribution and of the life history may be found 
ins Bay (19.05), Churchill (1919), Fielder (1930), Rathbun 
(1930), Truitt (1934, 1939), Graham and Beaven (1942,
Sandoss and Rogers (1944), Van Engel and Wojcik (195?) and 
Costlow and Bookhout (1959).
Briefly stated, the crabs hatch as soeae and then 
metamorphose into megalops before they transform into the 
crab stages* During the i?oeal and crab stage® there are 
several molts. The greatest concentrations of zoeae are 
found in the channel region between Cape Charles and Cape 
Henry. They develop normally only at high salinities, 23 
to 32 °/oo. Megalops are often found in the southern part 
of the bay and on the ocean coast. The salinity averages 
25 °/oo in this region and other conditions of the water 
approach those of the nearby continental shelf water of 
the Atlantic Ocean (Whaley and Hopkins, 1952r Joseph et al.. 
1960? Massmann, 1962).
Megalops molt to become "first crabs*4. These 
juvenile crabs then begin to move through the estuarine 
system. By mid-Hovetfher the majority of the juveniles 
reach the brackish portions of the rivers on the western 
store of Virginia or up-bay as far as the mouth of Potomac 
River .
When the water warms up in the following spring, 
young crabs spread all over the estuary into brackish and 
fresh water. Growth is rapid, and adult size may be reached 
in a year to a year and a half after hatching. The female 
mates during tor last molt and when she is still in the
soft crab state* Then adult females make a slow hut steady 
movement down the rivers to the bay, leaving most of the 
adult males behind in the brackish water.
In late fall large number® of adult females 
migrate to the lower bay, where they concentrate in the 
deep channel® of higher salinity and remain throughout the 
winter. Some migrate past the cape® to the ocean. Many of 
these females will come back to the bay the following year.
In early spring, females in the southern half of 
the lower Chesapeake lay move shoreward to warmer banks.
By June, they are believed to re-enter the deeper channels 
of the lower bay, especially around Cape Henry, where 
spawning i® concentrated. Spawning occur® between May and 
October, with a peak activity in early June.
extensively the subject of osmotic and ionic regulation, 
and Bobertson (I960) has discussed these phenomena in 
crustaceans. In recent years, Gross (1952, 1955, 1957a, 
1957b, 1958, 1959) ha® contributed significantly to the 
understanding of water and ionic balance in several species 
of crabs, with particular emphasis on Pachvorapgug crassioe
regulation in crustacean®
Xrogh (1939) and Prosser (1961) have reviewed
. 4 -
Generally, the blood of marine crustaceans has 
the same total concentration of Iona and other osmotically 
active particles as sea water, and all show ionic regulation 
(Roberteon, i960)* Gross (1957a) demonstrated a correlation 
between osmoregulatory ability and integumental impermeability 
in Pachvaraosus. Biraus and Emerita. lie suggested that the 
difference between an ©smotie regulator and a conformer could 
be merely a difference in permeability.
The important organs and tissue® concerned in ionic 
and osmotic regulation are the gills, the antenna1 and 
maxillary glands and, in some species, the gut (Robertson, 
1960? Prosser, 1961). The gills may actively absorb or 
excrete ©alts, depending on whether the animal is in a 
hypotonic or a hypertonic medium (Prosser, 1961). Specific 
absorption of water and salt© in the epithelium of the gut 
has been shown in Urteiaia (Croghan, 1958). The antennal 
glands are more important in ionic than in osmotic regulation 
(Prosser, 1961? Robertson, I960). These glands usually 
produce "urine** which is isosmotic, or nearly so, with the 
blood (Parry, i960). However, urine may show striking 
ionic differences, particularly in having much higher 
concentrations of magnesium and sulphate and much lower 
concentration© of potassium and calcium than the blood
_ 5 -
(Eobertson, I960). Some regulation of potassium and calcium 
in marine forms was indicated by urine/plasma ratios* The 
ratio -was lower than would he expected if the urine were 
only an ultrafiltrate of the blood (Parry, 1960)* The loss 
of water and salts in the antenna1 gland secretion is 
balanced by the uptake of water and ions through the gills*
The physiologically active ionic regulation must 
take place at the expense of metabolic energy* Schwab© 
(1333) showed that in Carcinus there i® a considerable and 
permanent increase in metabolism when the animals are living 
in a dilute medium. Gross (1957a) indicated that the 
increased respiratory rate is caused by increased muscular 
activity. Dehne.l (1962) pointed out that both increased 
osmotic work and increased muscular activity might cause 
increased respiratory rate, depending upon the animal in 
question.
If the grapsoid crab Pachvaraosus erassloes was 
acclimated to sea water of various salinities, the ratio 
of potassium of the blood to that of the water was held 
more constant than the ©odium ratio (Gross, .1952).
Prosser ejt al. (1955) found that the osmotic regulation 
in jjachvqrapgqa eras si pea was determined mainly by ions 
other than sodium. If the crab was exposed to a simple
osmotic stress, it regulated its blood sodium and potassium 
equally well, but careful analysis showed that more potassium 
than ©odium was exchanged between the animal and the external 
medium for a given alteration in the blood. This means that 
a source of potassium other than the blood was contributing 
to the exchanges. Evidence exists also that sources other 
than the blood contribute to sodium exchanges between the 
crab and the medium (Gross, 1958). These findings suggest 
the presence of adaptive salt pools as postulated by Hukuda 
(1932) .
The osmotic pressure and water content of the body 
fluids also change with the stages of a crab in its molting 
cycle. Baumberger and Olmsted (1928) showed that the osmotic 
pressure increased in Eachvorapaus erasclose as the crab 
approached molting and that it decreased gradually after 
molting. The increase in osmotic pressure during the premolt 
period was the result of increased concentration of a number 
of blood constituents* sugar, fat, total calcium, total 
protein, but not hemocyanin (Florkln, 1960). Baumberger 
and Dill (1928) demonstrated a gradual increase of sugar 
content in hepatopancreas and muscle in Callinectes ©apiduss 
approaching molt, and a drop in sugar level immediately
after the molt. The decrease in osmotic pressure after the 
molt was primarily due to the rapid absorption of water, 
which resulted in the increase in sis© of the crab.
The temperature and salinity of the water affect 
aquatic animals in several ways. The tolerance of the 
temperature and salinity combination is reciprocally related 
in that optimal salinities can be tolerated at temperature 
extremes, while extreme salinities are tolerated only at 
optimal temperatures (Prosser, 1961). Williams (I960) 
showed that the regulatory ability of two species of 
estuarine shrimps, Penaeua ee.fci ferae and j>. $uoyarpm, was 
impaired at lower temperatures and that blood tended toward 
isotonicity with the medium. At room temperature, the 
shrimps were hypotonic to sea water and hypertonic to salt 
water of salinities below 30 °/oo. Kinne (1956) discussed 
aspects of temperature and salinity and their physiological 
effect on marine, brackish, and freshwater animals. He 
suggested that a temperature increase intensified activity 
and decreased resistance, while a temperature decrease 
produced the opposite effect. Generally, low salinity and 
high temperature were lethal, but low temperature and low 
salinity were tolerable. Dehnel (1960) indicated that in 
Hemigrapsiis acclimation to high temperature resulted in an
appreciable increase in temperature tolerance, and accli­
mation to high temperature and high salinity proved most 
favorable for resistance to lethal temperature®.
The osmotic regulation in aquatic animals can 
also be affected by the seasons# Dehnel (1962) showed in 
Bemicryapaus that regulation at higher and lower salinities 
was dependent upon the season when the samples were collected. 
At lower salinities, summer crabs were consistently lower in 
blood concentration than winter animals? and at higher 
salinities, summer specimens were consistently higher#
The physical and chemical factors of the environments 
also affect the ionic concentration of the body fluids#
Sawaya and Pereira (1946) compared the ionic content of the 
blood of several species of portunids in Santos Bay and Sao 
Sebastiao, Brasil, with that of the environment in which the 
crabs lived. They found that the amount of sodium and 
potassium in the serum of Cjallinectes danae collected from 
Sao Sebastiao was higher and other ions lower than those 
of the serum of £# danae collected from Santos Bay.
m m m & m  mm methods 
Collection of camples
The crabs used in this study were obtained mainly 
by dredging in early March from the lower Chesapeake Bay 
(Fig. 1). The males and females used were all in the “hard 
crab" stage and the females had large, well-developed 
ovaries* The water temperature was about 5°C and the salin­
ity was about 25 °/oo in the region from which the crabs 
were collected. Ail the crabs were stored in a laboratory 
tank supplied with running York Elver water. The water 
supplying the tank averaged about 5°C and 17 °/oo salinity 
for the experimental period* The water flowed at a rate 
of more than 1000 liters per hour.
The average volume per crab was 170 ml (displacement 
volume), the weight was about 175 g and the average body width 
was 110 mm across the back between the bases of the ninth later­
al spines (short width) • The crabs were not fed after they were 
collected. Those which survived after five days and which were 
apparently healthy were then moved to plexiglass aquaria filled 
with water from the tank in which the crabs were originally kept. 
The aquaria were kept in a constant temperature room at 20°C.
After two days, the water temperature in the aquaria reached about 
19-20°C. Three groups of three erabe each were then put in
ayotdotiif^
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different aquaria containing 12 lifers of water of 10 °/©o,
20 °/oo# and 30 °/oo salinities, respectively. Water of 
20 °/oo and 30 °/oo was made by mixing sea water taken from 
about SO miles offshore in the Atlantic Ocean with York 
River water. Water of 10 °/oo was made up by diluting the 
river water with tap water. The salinity of stock sea water 
used was determined by titration with silver nitrate and 
then appropriate volumes of each were mixed to make the 
required salinities. These waters were kept in the constant 
temperature room for at least three days and were 20°C when 
used.
The aquaria were aerated with air saturated with 
moisture. To further reduce evaporation, a thin polyethylene 
sheet was placed around the aquarium table to minimize circu­
lation of air and to keep the “chamber" saturated with 
moisture. The salinities of the water in the aquaria were 
checked daily with a salinometeri no appreciable changes in 
salinity were observed.
Bach group of crabs was kept in the water of a 
particular salinity for 48 hours. Blood samples were 
collected by cutting the right fourth per®loped, and, after 
it had been dried with paper towels, by letting the blood 
drop into a 5 ml glass ampoule or by introducing it into a
capillary tube* The capillary tube was filled to a length 
of about 1 cm with approximately 0*05 ml of blood* In rare 
cases, the right third pereiopod was used* All of the crabs 
used were discarded after blood samples were taken*
The ampoules were sealed with a Bunsen flame* A 
hypodermic needle was substituted for the Bunsen burner to 
obtain a tiny flame to seal the ends of the capillary tubes* 
The sealed capillaries were then quick-frozen, in 3 to 30 
seconds, in a calcium chloride solution which was cooled to 
—23°C in a freezer. The capillary tubes were stored at 
-23°C in the calcium chloride solution while the ampoules 
were kept in a freezer at -15°C until the determinations of 
freezing-point depression and sodium and potassium content 
could be made.
To determine whether the late winter crabs sub­
jected to laboratory conditions would exhibit osmotic and 
ionic differences from early spring crabs in their natural 
habitat, two field samples were collected on April 23 and 
26, 1962. Specimens from the mouth of the York River and 
from about 10 miles up the river near Timberneclc Creek were 
taken on both days (Fig. 1) • These crabs had been exposed 
to air for about two hours before their blood samples were 
taken in the laboratory. The water temperature and salinity
at the mouth of the river were li°C and 21 °/oo and those 
up-river were 15°C and 16 °/oo (Table 1). The sodium and 
the potassium contents of the river water were determined 
from frozen samples collected on the same dates.
HfthodiL Pi. analysis..
A modification of the methods of Jones (1941), 
Gross (1954) and Hickman (1959) for determining total 
osmotic pressure of small blood samples was used. This 
method Involved the comparison of the time of melting of 
frozen blood samples of unknown concentrations with the 
time® required to melt a series of standard HaCl solutions 
when these solutions were allowed to warm very slowly in a 
cold brine bath having an initial temperature of about ~3°C. 
For this study, this method has the advantage of avoiding 
the problems of coagulation and supercooling of the blood 
sample®.
A glass dish containing 2 liters of brine bath was 
placed in the center of a wooden box insulated with cork 
tiles and rock wool wrapped in aluminum foil (Fig. 2). The 
whole unit was set in a cold room of a constant temperature 
of 4°C. The brine bath was covered and stirred with a large 
paddle operated by a stirring motor at 14 rpm. h light 
source which passed through a window on one side of the
S
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wooden box was reflected with a mirror in the lower half of 
the box* The reflected light from below then passed through 
a sheet of polarold, a piece of plexiglas, and the glass dish 
with cold brine and capillaries. The light also passed 
through a second piece of plexiglas and a second piece of 
Polaroid. The polaroid panes were set at right angles to 
each other. When viewed by the polarised light, the tran­
sition from the crystalline frozen state to the melted state 
was abrupt and sharp. Under those conditions, approximately 
35 to 40 minutes was required to warm the brine bath one 
degree in nearly a linear fashion between the critical 
temperatures of -2°C through 0°C# The time of complete 
melting in each capillary tube was recorded, and its time 
was plotted against a series of standard HaCl solutions of 
known concentration© (Fig. 3 ). The values of the unknown 
were obtained by interpolation and expressed as equivalent 
osmoles of HaCl solution.
The sodium and potassium concentrations of blood 
and water sample® were determined by flam® photometry, using 
a Beckman DU spectrophotometer with a standard oxy-acetylene 
flame attachment. The amounts were determined from the 
reading® of percent emission of samples in comparison to a 
series of standard© of known concentration® (Figs. 4 and S).
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Fig. 3. Freezing point depression of NaCl standards.
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The blood samples were prepared by adding 0*1 ml of serum to 
10 ml of protein precipitant, which contained 5% trichloro­
acetic acid and 10% isopropyl alcohol in glass distilled 
water* The samples were centrifuged for 10 to 15 minutes 
as recommended in the Beckman application data sheet 0U-12-B. 
The clear supernatant solution was used for determinations. 
The sodium blank in the protein precipitant was not signifi­
cantly different from that of the glass distilled water? the 
potassium readings were nil in both cases. The value© of 
both the sodium and potassium were obtained by interpolation 
and then converted to mM/l (Figs. 4 and 5).
Water samples of various salinities in which the 
males had survived for 48 hours were also taken for the 
determination of sodium and potassium content. Similar 
determinations were made for tap water, sea water taken 
from the Atlantic Ocean, surface and bottom water from the 
mouth of the York River and near Timberneck Creek, and York 
River water taken from the pip© supplying running water in 
the salt water laboratory (Table 1).
Detailed measurements of the size, the freezing 
point depression, the sodium and potassium content of the 
blood plasma, the sodium/potassium ratio, and the sex of 
individual crabs are given in the Appendix, Tables I-XXX*
20
Table 1. Analysis of water samples
YRM* mouth of York River? YRs York River? Ss surface 
samplet B» bottom water sample._______________
S °/oo
1
Ka K
M /1_____
239 5*0
230 4.9
10 Voo 233 5.1
246 5.4
233 5.8
0 14
,2 | 430 10.0
| a, 435 10.2
■* 20 °/oo 435 10.3
O 8 426 10.2
« <« 436 10.5
*a ft
-* jjj
>4 * 730 18.0
S ® 30 °/oo 750 17.9
§ Z  765 17.9
664 18.0
741 16.8
Tap BOB in which at least 6.64 4.1
one male crab survived 5.56 3.1
after 48 hours. 5.26 3.2
YRMS 20.78 422 9.5
YRMS 20.64 425 9.7
YRMB 21.24 428 9.8
YRB 15.46 247 4.3
YRB 14.83 243 4.2
YR HOH 17.90 248 6.2
¥R BOB 249 5.5
Sea BOH 32.34 541 10.6
Tap HOH 0.86 0.6
-  21 -
RESULTS 
Freezing point depression
These data are presented graphically (Fig. 6), as 
in Hubbs and Hubbs (1953), with a slight modification. This 
type of chart can be used to show whether there are signi­
ficant differences between the means of the freezing point 
depression of blood of crabs kept in different salinities. 
Significant differences in the means at the 1% level occur 
if the solid bars, tQmQ$ x s^ r , do not overlap. Significant 
differences in the means at the 5% level occur if the solid 
bars overlap, but the overlapping does not reach one of the 
means. If the solid bars overlap the means, there is no 
evidence for mean differences.
The total osmotic concentrations of the blood of 
adult females kept in different salinities changed with those 
of the external media (Fig. l). This indicates that the 
females were poor osmotic regulators. The point is further 
demonstrated by the fact that during the experimental test, 
none of the females that had been acclimated to 10 °/oo 
water at 20°c and then transferred to tap water at the same 
temperature survived for more than 36 hour®, whereas about 
40 percent of the males subjected to similar changes survived 
after 48 hours.
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SALINITY
Fig. 7. The mean values of the freezing point depression 
of blood of male and female crabs kept in salin­
ities of 10 °/oo, 20 °/oo and 30 °/oo.
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Males maintained a narrower range in blood osmotic 
concentrations, and appeared to be better osmotic regulators 
than the females at lower salinities* There is no evidence 
that the mean freezing point depression of the blood at 
10 °/oo differed from that of blood at 20 °/oo? but these 
means were significantly different from that of the blood 
at 30 °/oo (Fig* 6, Table 2)*
The freezing point depressions of the blood from 
the field samples were generally low in comparison with 
those of the blood of the crabs kept in the laboratory 
(Fig* 6, Table 2). The means of the freezing point de­
pressions of the blood from samples taken at the mouth of 
the York River did not differ significantly from those of 
the blood samples taken about 10 miles up-river, even though 
there was a salinity difference of 5 °/oo.
Heterogeneous variances between females collected 
from the mouth of the York River and those taken up-river 
were revealed in routine variance ratio tests made prelimi­
nary to the “Student's1* t-tests. In such cases, a t*-test 
was used instead of the t-test (Snedecor, 1956). This 
heterogeneity may have resulted from one or a combination 
of several factors * variation due to sampling, wide 
differences between individuals in their ability to regulate
-  25 -
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the total osmotic concentration, or a mixture in samples 
adjusted to quit© different environments before capture#
In all cases, the blood was hypertonic to the 
medium. This finding is similar to that of the other 
workers. Smith (in Cole, 1940) reported that Calllnectes 
saoidus was hypertonic to brackish water in Hew York harbor? 
and specimens living in sea water showed significant differ­
ence® from those collected from brackish water. Similarly, 
Jjejatorapsps oregonensis and g. padag. both had blood concen­
trations hypertonic to the media up to 175% sea water (Behnel, 
1962). In contrast, Faehvarapsus erassloes showed hyper­
osmotic regulation in normal or more concentrated sea water 
(Jones, 1941? Robertson, 1953).
The results of the t-tests to detect statistically 
whether there were significant differences between means of 
the freezing point depression® of blood at different salin­
ities were in agreement with the graphical interpretations•
A summary of the tests is presented in Table 2.
SqsU mbl concentration.
Females maintained, on the average, a blood sodium 
concentration of above 700 mM/1? the males had a slightly 
lower blood sodium concentration at 10 °/oo and 20 °/oo, but
had a much higher sodium content at 30 °/oo (Fig. 8) . The 
mean blood ©odium values were significantly different at 
the 1% level for females kept in 10 °/oo and 20 °/oo salin­
ities. The difference was significant at the 5% level between 
females kept in 10 °/oo and 30 °/oo salinities? but there was 
no significant difference between those of females kept in 
20 °/oo and 30 °/oo (Fig. 9, Table 3). In males, the means 
of sodium content were not statistically different for crabs 
kept in 10 °/oo and 20 °/oo waters, but both were signifi­
cantly different at the 1% level from the mean sodium value 
for crab© kept in 30 °/oo. This suggests that adult females 
regulate sodium better than male®. At 30 ®/o q, the males 
seemed to lose the ability to regulate the sodium concen­
tration in the blood. Bine© blood sodium contributes about 
half of the blood osmotic pressure (Grose, 195®), blue crabs 
seemed to exhibit hyperosmotic regulation at different 
gradients in all three salinities. This, differential ability 
between the male® and the females to regulate the sodium ion 
might be on© of the reasons why most adult females migrate to 
waters of higher salinities while the males remain in brackish 
water.
The sodium values were high compared with those found 
by Smith (in Cole, 1940) and Pereira (1945) at comparable 
salinities (Table 4)•
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210975
20-5950
20-0925
19-5900
19 0875
18-5850
18-0825
17-5800
7-0’75
16-5750
16-0725
M a i* 15-5700
Sodium 15 0675
14-5650
20%.
SALIN ITY
Fig. 8. The mean values of the sodium and potassium content 
of the blood of male and female crabs kept at salin­
ities of 10 °/oo, 20 °/oo and 30 °/oo.
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Table 4* Comparison of the sodium and potassium 
concentrations of the crab serum at 
comparable salinities.
Source Sex Salt Water AuthorHa . . 2C. Ba , K
10 °/oo M 657 15.0 236* 5.2* Tan
20 °/oo M 680 16.3 432* 10. 2* Tan
Harbor water 7 405 8.4 160 4.5 Smith
Sea water 7 460 13.5 451 10.7 Smith
Sao Sebastiao M & W 344 9.1 171 4.1 Pereira
Santos Bay M & F 443 12.4 417 12.7 Pereira
•After crabs, Callinectee sapidus had been in water for 48 hours.
Mo comparison of data at 30 °/oo salinity is presented 
due to the absence ©f observation® at a comparable salinity by 
the other workers. Data for females at 10 °/oo and 20 °/oo 
salinities are ©secluded since their blood sodium and potassium 
concentrations differed from those for males. The discrepancy 
between these observation® presented in Table 4 might be due 
to differences in the physical and chemical characteristics 
of the environments, differences in the age, sire or sex of 
the crabs, or a combination of several or all of these factors.
-  32 -
In males, the variances were heterogeneous between 
crabs kept in 20 °/oo and 30 °/oo and between those kept in 
10 °/oo and 30 °/oo* There was no evidence that a salinity 
©f 30 °/o© was intolerable to adult males. In this connection, 
it must be pointed out that the males were collected from the 
lower bay where the salinity was about 25 °/oo. The spread 
of the standard deviation and the standard error was greater 
for males at 30 °/oo than at 10 °/oo and 20 °/oo (Fig. 9).
This suggests that the ability to adjust the ©odium ion 
content in the blood varies considerably with the individuals.
The blood sodium concentration of males collected 
from the mouth of the Turk River was not statistically 
different from those collected up-river (Fig. 9, Table 3).
In females, the mean blood sodium concentration from samples 
collected up-river was significantly higher than from those 
samples collected in the mouth of the river. This discrepancy 
cannot be explained on the basis of present data.
Potassium concentration
The potassium concentration in the serum of the 
male and the female crabs changed with that of the media at 
different gradients (Fig. S). The- mean blood potassium 
values differed significantly from one another for females
-  33 -
kept in the three different salinities (Fig. 10, Table 5). 
For male® kept in 10 °/oo and 20 °/oo salinities, the mean 
blood potassium values were not significantly different 
from each other? whereas these mean© were significantly 
different at the 1% level from that of the blood of crabs 
kept in 30 °/oo salinity. This observation was not unex­
pected. Cole (1940) found that the ratio of blood potassium 
to that of the medium was held more constant than the sodium 
ratio in Pachvcrraosus crassjoes. Prosser (1961) inferred 
that potassium was the first ion to be retained in marine 
animals in higher concentration than the medium.
The potassium content of about 15 miM/1 for crabs 
kept in 10 °/oo was higher than Smith * s record of 13.5 mM/l 
(in Cole, 1940) for Calllnectes sapidus and Pereira's value 
of 12.4 mlt/1 (Pereira, IMS) for £. danae (Table 4), The 
difference might reflect differences in the native environ­
ment© or in the stage© of the life history of the crab® or 
between specie®. It was probably not related to sex because 
the t—teats indicated no significant difference© in blood 
potassium between males and females kept in three different 
salinities (Fig. 10, Table 5).
In males, heterogeneity of variances was observed 
between samples at 20 °/oo and 30 °/©o, and at 10 °/oo and
-  34 -
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30 °/©o, and between field samples from two different local­
ities, This suggests that at higher salinities# the ability 
to regulate the blood potassium concentration in males varies 
with the individuals,
Again, the increase of potassium in the serum of 
females collected from up-river over that of the samples 
collected from the mouth of the York River cannot be explained 
from the present data.
Sodlum/potass ium ratio
The sodium/potassium ratio in crab blood approxi­
mated that of the water in which the crabs were kept (Fig. 11, 
Table 1)* In general, with the exception of the females at 
30 °/oo, the crabs maintained a fairly constant Na/K ratio 
of about 45si. At 30 °/oo, the females had a Ka/lC ratio of 
approximately 36il, brought about by a significant increase 
of potassium but not of sodium in the blood. In males, with 
an increase in salinities, the sodium and potassium of the 
blood increased at similar rates, resulting in only a slight 
increase in Ha/K ratio. This indicates that at higher salin­
ities males might lose control of ionic regulation of their 
body fluids, whereas females retained the ability to regulate 
the sodium ion but not the potassium ion in the blood. It is
S
a
m
p
l
e
-  37 -
Fi
g.
 
11
. 
Th
e 
me
an
s,
 
st
an
da
rd
 
er
ro
rs
, 
st
an
da
rd
 
de
vi
at
io
ns
 
an
d 
th
e 
ra
ng
es
 
of
 
th
e
so
di
um
/p
ot
as
si
um
 
ra
ti
o 
of
 
cr
ab
 
bl
oo
d 
at
 
di
ff
er
en
t 
en
vi
ro
nm
en
ta
l 
co
nd
it
io
ns
 
Ce
nt
ra
l 
ve
rt
ic
al
 
li
ne
, 
me
an
; 
so
li
d 
ba
r,
 
tQ
 
x 
s~
 
on 
ei
th
er
 
si
de
 
of
 
th
e
me
an
; 
ho
ll
ow
 
ba
r,
 
s 
on
 
ei
th
er
 
si
de
 
of
 
th
e 
me
an
; 
ho
ri
zo
nt
al
 
li
ne
, 
ra
ng
e.
-  38 -
likely that this ability is associated with the behavior and 
distribution pattern of males and females.
the mean Ha/K ratio for female crabs kept in 30 °/oo 
salinity differed significantly fro® those of crabs kept in 
20 °/oo and 10 °/oo salinities? at the latter salinities# the 
means were not statistically different (Fig* 11# Table 6)*
In male crabs# the mean sodium/potass iura ratios were signifi­
cantly different at the 5% level only between crabs kept in 
20 °/oo and 30 °/oo*
The Ha/K ratios of the blood of field samples 
showed wide spread® in standard error# standard deviation 
and range (Fig. 11)# in contrast to the ratios of the blood 
of animals kept in the laboratory. This might be due to the 
aggregation of different stocks of crabs# to the effect® of 
the food taken# or to change® in activity with the season.
The role of the digestive tract in ionic regulation is not 
defined in the present data.
Sar.Yl.Yal_gf m a M  crabs, at jpwsa Unities
Four male crabs survived in tap water and two other 
males survived in 5 o/oo salinity water during the experimental 
teat* The Ma/K ratio of the blood of these survivor® averaged 
higher than those of crab® kept in higher salinities (Fig. 11#
-  39 -
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Appendix# Tables X~XXX). The sodium concentration of over 
800 mM/l for two males which survived in 5 °/oo water was 
exceptionally high* Possibly the crabs lived in an over- 
compensated state of ionic regulation at this salinity for 
the period of time* The potassium content was slightly 
lower than in those kept in higher salinities. The freezing 
point depression indicates that the males were strongly 
hypertonic at these very low salinities.
As there were only a few survivors# all male# in 
tap water and in 5 °/oo salinity# the data were not treated 
statistically*
.
The concentrations ©f sodium and potassium of the 
waters in which the male crabs were kept and those of water 
samples collected front the York River and the Atlantic Ocean 
have been presented in Table 1*
The data show that blue crabs lose salts to the 
media* While the serum generally had higher sodium and 
potassium concentrations than those of the medium# the 
possible sources of these salts might be the adaptive salt 
pools in the body (Eukuda# 1932}* tn fresh water and very 
low salinity water# the drain on the salt pool® might be so
«* 4-1 *•
great as to cause the death of the aniraal©• Differences in 
blood potassium were small in crab© kept in tap water and in 
§ °/oo and 10 °/oo salinities# the present data do not 
indicate whether the lose of sodium or other lone was the 
chief cause of death#
DISCUSSION!
The crab© were kept in water of a particular 
salinity for at least 48 hours before blood samples were 
taken* Evidence from other species of crabs acclimated to 
different salinities and from the log of the experiments 
suggested that this time interval was adequate. Margaria 
(1939) showed that the blood adjusted to a change in water 
salinity within 12 hours in several species of crabs.
Dehnel (1962) demonstrated that in two species of Hemiqrapsug 
the blood concentrations reached equilibrium with respect to 
the external medium within 24 hours for crabs kept in 100% 
sea water or less; but for crab© kept in sea water of 125% 
or more, the change© in the blood were not complete after 
48 hours* The log of the experiments showed that of the 
eight Callinectes sapidus female crabs which died in tap 
water, seven died within 12 hours and the eighth within 36 
hours. Of the nine males which died when kept in tap water, 
seven died within 12 hours and two within 24 hours. Only 
one female died in 10 °/oo salinity water within 24 hours 
after being subjected to the osmotic stress. There was no 
mortality of males or females in other higher salinities.
This suggests that if the crabs could not adjust to a 
particular salinity within 24 hours, they would succumb.
- 43 -
It seems reasonable to assume that the crab blood would 
reach equilibrium with the medium within 48 hours though 
there is no substantial data to prove the assumption.
The osmotic responses of males and females were 
statistically different. Male© were strongly hypertonic at 
10 °/oo and 20 °/oo and approached isotonicity when exposed 
to 30 °/oo sea water, while females exhibited hypertonic 
conditions in all salinities. The blood concentrations of 
blue crabs collected in early spring were lower than those 
of the winter crabs kept in different salinities in the 
laboratory, but all exhibited hyperosmotic regulation*
This is in agreement with Smith *© record (in Cole, 1940), 
which showed that in sea water of Al.850°C the serum 
concentration of Calltneete® aapidufi. was a1.932°C, while 
in harbor water of A0.6510C the serum was a1.61°C. Potts 
(1954) had indicated that reduction in the blood concen­
tration of marine animals entering brackish water was the 
chief means of easing the strain on osmoregulatory mechanism®.
Gross (1957b) noted that by acclimating P&chvdrapsug 
to 150% sea water its preference for normal ®ea water appar­
ently broke down, although most of the treated animal® were 
able to achieve normal blood concentration®. Acclimating the 
crabs to 50% sea water did not appreciably affect the
preference for normal sea water, a® Pachvcrrapeus conId 
regulate strongly in dilute media* Mult blue crabs used in 
this study ted been acclimated to high salinity water for at 
least the most part of the winter* During that period feeding 
ceased, and crabs remained more or less inactive on the bottom 
of deeper channels, these conditions might affect the regu­
latory ability of the crabs at different salinities.
teles and females regulated the sodium ion differ­
ently. However, both showed high sodium content in the serum, 
about 30% higher than the values found by Smith (in Cole, 1940). 
Sawaya and Pereira (1946) found that Callinectes danae blood 
ted a sodium concentration of 136% that of the medium. In 
Callinectes aaoidus * the blood sodium concentration was about 
150% that of the medium at 20 °/oo. It is likely that this 
discrepancy is due to species difference and other physio­
logical factors of the animals. In winter, crab® in the 
Chesapeake Bay area remain in the deeper channels without 
taking any food. It is possible that in order to maintain 
the necessary osmotic pressure in the blood, so that they 
can survive without using too much metabolic energy, they 
build up a tremendous salt pool in the body. This salt pool 
could provide most of the salts lost through the regular 
pathways *
The size of the salt pool may be estimated from 
the increase in the sodium content of the water in which 
male crabs were kept for 48 hours {Table 1). The natural 
sea water taken from the Atlantic Ocean had a salinity of 
32.34 °/oo and sodium content of 541 tsM/1. When the sea 
water was diluted with York Elver water to make up 30 °/oo 
water, its sodium concentration would be close to 540 mM/1. 
After 48 hours, the water in which the crabs were kept had 
an average sodium concentration of 730 mM/1, an increase of 
about 190 mM/1. This increase amounted to 2280 mM of sodium 
for a 12 liter aquarium where the three crabs were kept.
This means that each crab contributed about 760 mM of sodium 
to the medium. Assuming a blood volume of about 35 ml per 
crab, approximately 20% of the body weight (Prosser, 1961), 
the total amount of sodium in the blood would be about 34 mM. 
Thus, about 726 mM of sodium would be in the reserved salt 
pool. This salt pool appears to be very large, but electron 
micrographs of various tissues of crustaceans showed extensive 
invaginations which might represent fluid compartments sepa­
rated from true extracellular space for salt storage. Such 
stores might be especially useful for short-term needs, as 
in an intertidal animal, or under osmotic stresses (Prosser, 
1961).
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The loss of sodium to the medium might have been 
the result of the increase in activity of the crabs following 
the raising of the temperature of the water* Xn seasons when 
crabs are active and feeding, the gills and the gut might 
regulate the uptake as well as the excretion of the ion. 
Considering the starved and sluggish state of the winter 
crabs used In this study, it might be reasonable to assume 
that the salt pool was drained of a greater portion of the 
ion than usually occurred.
The potassium in the medium was not appreciably 
Increased, though the blood maintained a higher concentration 
of potassium than that of the medium in all three salinities 
(Appendix, Tables I-XXX). This is in accordance with Sawaya 
and Pereira’s report for Callinectes danae which maintained 
a blood potassium concentration of 159% that of the medium.
It is likely that in £. saoidus. potassium is regulated 
through a different route than that of ©odium. Prosser 
et al. (1955) observed that in Fmchygrapaut, urinary 
potassium increased along with magnesium and thus sepa­
rated from the route taken in excreting excessive ©odium, 
which is generally excreted through the permeable membrane 
of the gills. This differential regulation of a certain 
ion by a particular organ might also be the case in
Callinectea, as indicated by its ability to maintain a fairly 
constant high potassium level in the blood.
The early spring crabs generally showed higher 
sodium and potassium concentrations and a higher value of 
Ha/K ratio than those of the crabs kept in the laboratory. 
This difference might be associated with the effect of 
exposure to air during collection of the samples* Bateman 
(1933) measured a Carcinus maena® which had survived in air 
for several days and found that the chloride concentration 
had increased from about 0.63 M to 0*815 M. Jones (1941) 
found that the increase of osmotic pressure during the 
exposure was great, in many individual® around 100%. In 
Calllnectes aaoidus it was observed that male crabs collected 
up-river were more viable than those collected near the mouth 
of the river; for females, the reverse was true. The less 
viable ones died or remained in an inactive state about six 
hours after being taken oat of water.
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SUMMARY
1 # Mien specimen® of Callineete® aaoidua were 
acclimated to 10 °/oo, 20 °/oo and 30 °/oo sea water at 20°c, 
the average blood osmotic concentration® were 0.95, 1.009 
and 1.181 osmoles for females and 1.078, 1.869 and 1*142 
osmoles for males. Thus, blue crabs exhibited hyperosmotic 
regulation.
2. Adult male crabs acclimated to three different 
salinities regulated the blood sodium and potassium ions at 
salinities of 20 °/oo and below but not at 30 °/oo.
3. Adult female crabs acclimated to three different 
salinities regulated the sodium concentration of the blood at 
all salinities, but appeared to be unable to regulate potassium 
at 30 °/oo.
4. The male and female crab® collected in early 
spring from mouth ©f the York River and about 10 miles up-river 
exhibited large variation in the sodium and potassium content 
and the Ha/K ratio of the blood. The freezing point depression 
was generally low compared with the samples from the acclimated 
crabs in the laboratory.
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Table I. Size, freezing point depression, sodium and 
potassium concentrations, sodium/potassium 
ratio of the blood of male crabs kept in
tap water.
*Body width 
(mm)
m
mM/1
K
mM/1 Na/K
W m D« 
osmoles
120 443 9.2 48.15 0.770
132 504 9.1 55.38 0.910
124 548 9.8 55.92 0.964
109 518 11.4 45.44 0.936
*Short width
Table IX. Size, freezing point depression, sodium and 
potassium concentrations, sodium/potassium 
ratio of the blood of male crabs kept in 
5 °/oo salinity water.
*Body width K F. D.
tan) mM/1 mM/1 Na/K osmoles
112 856 12.3 69.59 0.872
115 842 15.5 54.32 0.846
*Short width
** 57 ***
Table III. Sire, freezing point depression, sodium and 
potassium concentrations, socliura/po tas&ium 
ratio of the blood of female crabs kept in 
10 °/oo salinity water.
♦Body width
....-..tad .
Ha
.....mH/jL.......
K
____W&/1 .... Ma/K
P. ©*
.osmoles.
118 635 11.4 55.70 0.828
104 662 13*9 47.62 1*050
111 793 14*8 53.58 1.018
99 757 16*4 46*16 1.004
119 737 14.8 53*85 0.910
115 723 10*9 42*78 0 • 986
123 795 16.9 47.04 1.050
113 702 14.4 48.75 0*802
125 671 13*3 50*45 0*910
104 633 14.6 43.36 0.860
111 734 14*7 49.93 0.938
96 762 14*8 51.49 0.820
123 751 17*4 43.16 0.943
104 710 13,8 51.44 1.050
98 578 14.2 40.70 1,010
109 661 16.2 40.80 1.022
♦Short width
58 **'
Table XV* Sis®, freezing point depression, sodium and 
potassium concentrations, sodium/potassium 
ratio of the blood of male crab® kept in 
10 °/oo salinity water*
*Body width 
(mm) mM/1
K
mM/1 .Ka/ic
F. 0.
ossicles
119 570 15.3 37.25 1.098
117 598 11.2 53.33 1.082
113 664 13.6 48.82 1.068
10$ 671 18.7 35.88 1.100
120 751 14.6 51.44 1.086
125 626 15.8 39.62 1.054
101 706 17.5 40,34 1.024
108 638 15.8 39.87 1.020
109 668 12.1 55.21 1.048
119 647 15.6 41.47 1.132
10$ 602 16.2 37.16 1.068
104 658 16.3 38.93 1.056
125 673 14.4 46,74 1.130
113 734 .AiLftJr. 60.66 1.136
•Short width
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Table V. Size* freezing point depression, sodium and 
potassium concentrations, sodium/potassium 
ratio of the blood, of female crabs kept in 
20 °/oo salinity water.
Body width ' 
(mm)
Ha
mM/l
K
mM/1 _ Ha /K
F. D.
osmoles
112 908 18.8 48.30 1.084
115 830 18.3 45.36 1.074
112 812 18.2 44.62 1.036
118 877 16.4 53.48 0.992
114 880 17.4 50.57 0.978
98 852 17.8 47.86 0.994
103 765 15.7 48.73 0.992
110 710 16*6 42.77 1.118
108 678 13.8 49.13 0.968
102 751 16.9 44.44 0.972
123 786 17.4 43.17 1.014
106 696 16.0 43.50 0.974
92 692 13.9 49.78 0.962
109 748 16.8 44.52 0.960
90 741 16.8 44.11 1.024
♦Short width
60
Table VI* Size, freezing point depression, sodium and 
potassium concentrations, sodium/potassium 
ratio of the blood of male crabs kept in 
20 °/oo salinity water.
''Body width
tav)
Ha
mM/1
K
mM/1 m M
F. 0.
osmoles
102 677 12.6 53.73 1.028
109 640 15.0 42.67 1.054
117 696 14 .8 47.03 1.124
128 638 15.2 41.97 1.114
115 711 21.6 32.92 1.108
121 675 13.9 48.56 1.016
112 717 17.9 40.06 1.110
116 788 18.8 41.91 1.092
112 581 16.1 36.09 1.068
112 675 15.6 43.27 1.038
115 678 16.6 40.84 1.060
110 658 15.6 42.18 1.010
125 675 15.7 42.99 1.008
98 717 18.3 39.18 1.132
♦Short width
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Table VXI. Size, freezing point depress ion, sodium and 
potassium concentrationssodium/potaabium 
ratio of the blocks of female crabs kept in
30 °/oo salinity water.
♦body width Ha K F. 0.
 fsaL™______n « A  .. m/1 ra/fc oataole
♦♦125 ♦♦1530 ♦♦15.3 ♦♦100.00 ♦♦1.016
110 717 21.5 33.35 1*226
126 730 21.2 34.72 1*188
108 765 22.2 34.40 1.200
104 696 19.3 36.06 1.136
112 722 19.9 36.28 1.132
107 779 18.2 42.80 1.182
119 738 20.3 36.35 1.174
126 702 21.1 33.27 1.152
100 661 19.8 33.38 1.192
113 701 21.1 33.22 1.150
104 741 22.6 32.79 1.170
103 769 21.9 35.11 1.278
88 898 21.9 41.00 1.180
98 939 22.0 42.63 1.182
126 836 22.4 40.00 1.170
♦Short width
♦♦The values are not included in the statistical 
analyai*.
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Table VIII. Sis®, freesing point depression* sodium and 
potassium concentration®, sodium/potassium 
rati© of the blood of male crabs kept in 
30 °/oo salinity water.
Body width 
... tan)....  ,
0a 
mM/1,-.....
K
. JSp$/X_..T.T. .....s a/k ._ ...
F. D. 
osmoles
127 1141 20.3 56.21 1.188
126 762 20.5 37.17 1.180
116 904 16.6 54.46 1.200
109 988 22.5 43.91 1.162
98 870 20.3 42.86 1*108
113 1040 22.9 45.41 1.212
115 1085 20.6 52.67 1.190
114 957 20.1 47.61 1.072
112 1019 21.2 48.07 1.108
105 963 20.7 46*52 1.122
115 984 20.6 47.77 1.092
102 942 22.5 41.87 1.132
103 821 18.0 45.61 1.108
99 922 20.2 45.64 1.110
♦Short width
63
Table IK* Size, freeslag point depression, sodium and 
potassium concentrations, sodium/potassium 
rati© of tbe blood of female crab® collected 
from York River mouth* jHSu2.
*Body width Mb K Y. ©.
taro)________mM/I mM/1 K a / K ____ ftflnoAW.
10? 981 17.1 57.37 0.898
119 901 18.5 48.70 0.920
108 894 17.5 51.08 0.950
102 816 13.7 59.56 0.810
121 911 17.5 52.06 0.928
124 852 17.3 49.25 0.938
112 803 13.1 61.30 0.876
117 790 15.1 52.32 1.014
115 898 17.5 51.31 0.998
113 779 14.3 54.48 0.948
111 826 11.4 72.46 0.988
110 859 15.7 54.71 1.050
112 866 13.7 63.21 1.006
♦Short width
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Table X* Size, freezing point depression, sodium and 
potassium concentrations, sodium/potasaium 
ratio of the blood of macto crabs collected 
from York River mouth.
♦Body width 
(mm)
Ha
mM/1
K
mM/1 _ m / K
F. B. 
osmoles
121 769 17.4 44.20 0.928
110 795 12.4 64.11 0.898
111 826 16.1 51.30 0.858
104 850 15.7 54.14 0.962
107 842 17.4 48.39 1.060
125 849 17.6 48.24 1.058
107 807 18.0 44.83 0.984
109 830 16.6 50.00 0.986
111 810 17.3 46.82 1.162
109 838 16.1 52.05 0.820
132 738 17.6 41.93 0.812
118 720 16.6 43.37 0.910
120 862 16.0 53.88 0.840
109 871 13.4 65.00 0.868
♦Short width
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Table 3d. Sir,©, free ring point depression, sodium and 
potassium concentrations, sOaium/potassiura 
ratio of the blood of f i A w  crabs collected 
from York liver near Timberneck Creek,
*Body" width Ha K F. D.
(mm) wM/X mM/l Ha/K osmoles
121 793 11.5 68*96 1.122
u s 830 13,4 62.53 0.990
111 918 11.4 80.53 1.162
119 910 12.0 75.83 1*050
115 788 11.9 67.22 1.010
115 748 10.3 72.62 0.966
128 720 8.6 83.72 0.810
115 774 17.0 45.53 0.850
107 862 13.0 66.31 0.892
124 960 11.9 80.67 0*868
96 790 19.9 39.70 0.912
124 856 17,1 50.06 0.860
99 807 18.5 43.62 0.964
♦Short width
Table XXX. Size, freezing point depression, sodium and 
jpotas s ium concentrat ion sS's od inm/po ta g s ium 
ratio of the blood of crabs collected
from, York :Eiver near Tiraberneck Creek.
♦Body width 
ivm)
Ha K
. .,.mM/1 _  _  _
F. B.
..........
124 870 18.3 47.54 0.908
115 989 16.1 61*43 1.010
104 891 20.1 4 4 .3 3 1.012
114 928 21.7 42.76 0.952
119 917 20.3 45.17 0.938
113 950 19.9 47.74 1.034
♦♦120 ♦♦896 ♦♦33.8 ♦♦25.03 ♦♦1.036
131 956 12.6 75.87 0.948
98 965 19.7 48.98 0.922
116 970 16.5 58.79 0.904
121 836 2 0 .1 4 4 .5 8 1.008
10? 1026 17.8 5 7 .6 4 «
o
♦Short width
♦♦The values are not included in the statistical
analysis.
